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Introduction 


The  pilot  display  unit  (PDU)  is  designed  to  be  placed  on  the 
right  (pilot's)  side  of  the  OH-58  helicopter  to  provide  visual 
targeting  and  a  missile  status  display.  The  location  of  the  PDU 
(directly  in  front  of  the  pilot's  face)  and  the  7-pound  mass  of 
the  unit  potentially  creates  a  hazardous  head  impact  surface  in 
some  accident  scenarios.  Computer  model  studies  by  Bell 
Helicopter  Textron  (BHT)  showed  the  potential  existed  for  head 
injury  in  accidents  as  discussed  at  an  in-process  review  (IPR)  of 
the  PDU  at  BHT.  Contact  of  the  pilot's  helmet  to  the  PDU  also 
was  noted  by  the  U.S,  Army  Aviation  Developmental  Test  Activity 
(ADTA)  in  1987  as  shown  in  their  documentation  photograph  (Figure 
1)  . 


Subsequent  to  the  1987  IPR,  the  PDU  program  manager  (PM) 
contracted  with  BHT  to  design  and  "drop  test"  a  new  breakaway 
mechanism  to  permit  the  7 -pound  PDU  to  "break  free"  during  a 
crash  and  move  forward  3.5  inches  along  a  track.  In  early  1988, 
the  PDU  PM  and  the  U.S.  Army  Aeromedical  Research  Laboratory 
(USAARL)  mutually  agreed  a  suitable  "crash"  could  be  simulated 
with  the  surplus  OH-58  fuselage  which  Aviation  Systems  Command 
(AVSCOM)  had  procured  for  use  in  crash  testing  the  OH-58  retrofit 
pilot's  seat  (Haley  and  Palmer,  in  press).  The  testing  scheme 
used  the  damaged  front  cockpit  salvaged  from  an  OH-58  mishap. 
Arrangements  were  made  with  the  Federal  Aviation  Administration's 
(FAA)  Civil  Aeromedical  Institute  (CAMI)  to  conduct  and  document 
the  crash  tests. 

Initial  plans,  stated  by  the  PDU  PM,  called  for  BHT  to  supply 
a  suitable  dummy  PDU  test  item  and  an  OH- 5 8  cockpit  test  fixture, 
and  to  monitor  the  crash  tests.  USAARL  agreed  to  direct  the 
crash  tests,  analyze  the  data,  and  provide  a  test  evaluation 
report.  This  report  fulfills  the  agreement. 


PDU  description 

The  unit  as  installed  in  the  OH-58  helicopter  is  shown  in 
Figures  1  and  2 .  The  PDU  is  designed  to  break  free  at  a  deceler¬ 
ation  of  2  G  from  the  normal  (flight)  position,  move  forward  and 
downward  to  the  end  of  the  slotted  track,  as  shown  in  Figure  3. 
The  prototype  PDU  was  "drop"  tested  at  the  BHT  facility  in  1987 
and  the  unit  slid  forward  properly  at  2  G  deceleration  (Powell, 
1988)  .  The  PDU  mount  is  detailed  in  BHT  drawing  206-071-280-105. 
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Test  objective 


To  determine  the  effects  of  the  OH- 58  dummy  pilot  impacting 
against  the  new  PDU  during  simulated  crash  conditions . 


Materials  and  test  methods 

The  surplus  damaged  OH-58  fuselage  is  shown  installed  on  the 
CAMI  impact  sled  and  track  in  Figure  4,  The  sled  is  mounted  on 
rollers  and  is  accelerated  along  two  tracks  by  a  cable  passing 
through  several  rollers  and  attached  to  an  elevated  mass.  The 
decelerative  "crash"  is  provided  by  sled  contact  with  ^-inch 
diameter  steel  wires  which  are  pulled  around  rollers  anchored  in 
the  floor.  The  decelerative  pulse  shape  is  varied  by  the  total 
number  of  wires  and  their  placement  along  the  track. 

The  OH-58  honeycomb  belly  "bathtub"  was  cleanly  severed  just 
forward  of  the  troop  seat  and  the  roof  was  cut  through  just 
forward  of  the  transmission  mount  (Figure  5) .  The  pilot  seat 
bulkhead  with  shoulder  strap  guides  and  the  upright  center  "box" 
beam  were  left  intact .  The  forward  fuselage  then  was  rigidly 
mounted  to  a  horizontal  "crash"  sled  with  a  belly-mount  structure 
which  could  be  oriented  to  provide  the  desired  crash  force 
vector.  The  intent  was  to  conduct  six  to  eight  crash  tests  up  to 
a  28  G  level  without  causing  irreparable  damage  to  the  forward 
fuselage.  Thus,  instrumented  "dummy"  pilots  could  be  installed 
in  the  sled-mounted  fuselage,  and  crash  vectors  applied  to  the 
sled  so  both  the  crashworthy  seats  and  the  PDU  head  injury^ 
potential  could  be  evaluated  with  the  same  fuselage  in  a  single 
test  series. 

BHT  prepared  a  dummy  PDU  test  specimen  and  mount  for  the 
OH-58  test  cockpit  as  shown  in  Figure  4.  The  dummy  PDU  was 
located  the  same  as  the  actual  device  would  be  after  "breakaway," 
i.e.,  3.5  inches  forward  down  the  29-degree  slope  ramp  as  shown 
in  Figure  3 .  The  dummy  PDU  was  constructed  to  simulate  the 
actual  PDU  adjusted  1  inch  down  from  the  "full-up''  adjustment; 
thus  the  test  was  conservative  because  the  eye  height  of  the  50th 
percentile  dummy  actually  was  0 . 2’7  inch  higher  than  would  be 
normal  in  most  standard  plastic  mesh  seats  with  the  buttock 
reference  point  (BRP)  at  waterline  (WL)  32.73  in  lieu  of  WL  33.0 
on  the  test  crashworthy  seat.  The  extra  0.27  inch  represents  a 
59th  percentile  eye  height  for  an  upright  pilot  (Donelson  and 
Gordon,  1991) .  However,  the  usual  slumped  flying  posture 
indicates  this  would  be  an  83rd  percentile  pilot  in  slumped 
posture  (slump  subtracts  approximately  0.9  inch) . _  In  any  event, 
the  test  was  conservative  because  a  large  percentile  dummy  eye 
height  was  used  with  the  PDU  adjusted  down  1  inch  for  a  small 
pilot  so  that  a  PDU  strike  was  more  likely  to  occur. 
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The  test  conditions  for  the  five  sled  runs  conducted  to  eval¬ 
uate  the  PDU's  crash  performance  are  shown  in  Table  1.  The  first 
test  (CAMI  88060)  was  selected  to  simulate  a  SOM-LA  modeling 
analysis  (Laananen,  Coltman,  and  Bolukbasi,  1982)  done  by  BHT . 

The  second  test  (88061)  repeated  the  first  except  the  velocity  of 
impact  was  increased  along  with  the  onset  rate.  The  third  test 
simulated  a  pure  longitudinal  (x-axis)  impact.  The  fourth  and 
fifth  tests  (88063  and  88064)  were  similar  to  the  third  test 
except  15  degrees  right  yaw  was  added  and  the  velocity  change  was 
increased.  These  "crash"  simulations  were  selected  after  confer¬ 
ences  with  the  U.S.  Army  Safety  Center  (USASC)  and  AVSCOM.  The 
consensus  was  the  impact  energy  and  stopping  force  (peak  G)  used 
in  these  tests  were  near  the  limits  of  a  survivable  crash  for  the 
OH-58  structure. 

The  50th  percentile  Hybrid  III  dummy  occupied  the  right  seat 
for  all  five  PDU  tests,  and  the  95th  percentile  VIP  dummy  occu¬ 
pied  the  left  seat  for  the  first  three  tests  only.  The  large  VIP 
dummy  primarily  was  used  for  testing  convenience,  to  prevent 
recalibrating  the  )^-inch  diameter  steel  rods  used  to  stop  the 
sled  during  the  prior  crashworthy  seat  tests.  The  large  dummy 
also  was  used  to  provide  comparative  test  data  between  the  50th 
and  95th  percentile  dummies  and  to  note  whether  the  dual-mode 
(1.5  G  lock)  reel  (used  in  the  left  seat)  was  reliable  and  effec¬ 
tive.  The  test  instrumentation  is  listed  in  Table  2. 

The  inertia  reels  of  both  "dummy"  pilots  were  set  to  the 
unlocked  condition  to  ensure  conservatism.  The  unlocked  reels 
would  permit  more  strap  movement  before  stopping  the  torso. 


Film  motion  analysis 

Film  footage  of  PDU  tests  was  analyzed  on  a  NAC™  model  PH- 
16  OF*  film  motion  analyzer.  The  lower  left  corner  of  the  image 
was  considered  to  be  the  origin  (x=0,  y=0) .  A  background  strobe 
light  signaled  the  beginning  of  each  impact  sequence.  The  frame 
in  which  the  light  came  on  was  considered  to  be  the  first  frame 
for  each  impact  sequence.  A  scaling  factor  was  calculated  for 
each  impact  sequence  by  obtaining  coordinates  for  the  top  and 
bottom  of  the  fuselage  (rear  most  area)  and  the  absolute  distance 
between  these  two  standard  points  was  determined.  The  actual 
distance  from  the  top  to  the  bottom  of  the  fuselage  then  was 
divided  by  the  absolute  distance  to  give  the  scaling  factor. 

Since  the  camera  was  located  approximately  50  feet  from  the  sled, 
no  correction  was  made  for  the  minimal  parallax  involved. 


*  See  manufacturer's  list 
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Table  1. 

OH-58  PDU  test  conditions 
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Instrumentation  for  PDU  testing. 


°  Sled  X  (resultant  acceleration  (G) 

(two  each  used  for  reliability) 

°  50th  percentile  (Hybrid  III)  dummy  transducers 

-  Head  x,  y,  z  accelerometers  and  xyz  resultant  calculation 

-  Chest  X  and  z  accelerometers 

-  Spinal  column  load  cells  in  right  seat  dummy 

Neck  X,  y,  and  z  force,  and  moment  about  x,  y,  and  z 
axes 

Lumbar  x,  y,  and  z  force,  and  moment  about  x,  y,  and  z 
axes 

°  Right  helmet  movement  (Celesco  rotary  potentiometer*) 

(5  G  extraction  limit  caused  gross  error) 

®  Right  side  profile  camera  at  approximately  50  feet  distance 
(1000  frames/sec) 

°  Right  side  profile  camera  at  approximately  35  feet  distance 
(500  frames/sec) 

°  Left  side  profile  camera  at  approximately  35  feet  distance 
(500  frames/sec) 


Notes : 

(1)  Ektachrome  reversal,  type  7250,  EP400  film* 

(2)  The  filtering  used  for  all  transducers  met  the 
requirements  of  Society  of  Automotive  Engineers  J211  report, 
"Instrumentation  for  impact  test."  Pertinent  requirements  are 
listed: 


CAMI  sled  accelerometers, 
lumbar  and  neck  load  cells, 
and  rotary  potentiometers 


Chest  and  pelvis  accelerometers 


Frequency  response 


180 


Head  accelerometers 


1000 
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Coordinates  were  obtained  for  the  helmet  reference  point 
directly  over  the  dummy's  ear,  the  PDU,  targets  on  door  frame, 
and  in  some  cases,  for  the  point  where  the  restraint  harness  was 
attached  to  the  seat  back.  Data  were  entered  into  a  database 
which  later  was  used  with  a  graphics  program.  Graphs  depicting 
the  displacement  of  the  helmet  reference  points  were  generated 
for  each  sequence.  Helmet  reference  point  velocity  was  calcu¬ 
lated  using  the  distance  between  each  point  divided  by  the  time 
increment  (the  time  was  based  on  film  speed) . 

Helmet  rotation  was  determined  by  tracing  the  outline  of  the 
helmet  at  various  times  during  the  impact  sequence  and  measuring 
the  angle  of  the  helmet  brow  line  in  relation  to  the  bottom  of 
the  fuselage.  Helmet  rotation  then  was  plotted  on  the  helmeted 
head  displacement  curves . 


Test  results 

The  PDU  tests  were  conducted  at  the  FAA  CAMI  test  center, 
Oklahoma  City,  Oklahoma,  22-24  June  1988.  The  tests  were  done 
subsequent  to  the  three  OH-58  crashworthy  seat  tests  (88057, 
88058,  and  88059)  which  were  completed  17  June  1988.  The  OH-58 
cockpit  structure  and  broken  crashworthy  seats  were  mended  and 
strengthened  sufficiently  to  keep  the  cockpit  structure  intact 
and  to  simulate  the  stiffness  of  the  PDU  mount  area  during  a 
crash. 

The  test  results  are  summarized  in  Table  3 .  The  more 
important  transducer  traces  between  the  five  tests  are  copied  and 
compared  in  the  Appendix,  Figures  A-1  through  A-4.  Traces  not 
present  in  this  report  would  not  have  provided  significant  data, 
and  were  deleted  to  save  the  cost  of  preparation  and  printing. 
Data  not  presented  is  available  from  USAARL's  archives,  if 
desired. 

Table  3  includes  PDU  mount  type,  PDU  displacement helmet 
impact,  and  dummy  neck/moment  data.  The  head  acceleration  values 
are  not  presented  because  all  the  values  are  less  than  60  G  and 
not  significant.  The  neck  force  and  neck  moment  about  the 
lateral  (y)  axis  are  significant  and  are  shown  in  Table  3;  the 
traces  are  shown  in  figures  A-1  through  A-4.  The  neck  forces  and 
moments  do  not  exceed  the  tolerance  limits  noted  by  Alem  and 
Haley  (1988) . 

The  movement  of  the  right  pilot ' s  helmeted  head  was  deter¬ 
mined  by  film  analysis  and  is  shown  to  one-quarter  scale  for  all 
five  runs  in  Figures  27  through  31. 
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same  35.8  16  yes  yes  yes 

as  moderate 

063  II _ _ _ _ _ 

*Head  accel,  neck  force/mom.  pelvic  force/mom.  &  chest  accel  are  located  at  A-1  to  A-4. 
**PDU  mount  at  windshield  frame  failed  partially  during  rebound,  see  Fig  24. 


Test  88060 


The  setup  for  test  88060  is  shown  in  Figure  4.  As  shown  in 
Table  1,  this  test  simulates  a  pitch  down  crash  in  which  the 
vertical  force  is  slightly  greater  than  half  the  forward  force. 

At  500  G/sec  acceleration  onset  and  15-G  peak  combined  with  only 
23.5  fps  velocity,  the  impact  was  of  moderate  level.  As  shown  in 
Table  3,  the  neck  tensile  force  of  444  pounds  and  613  inch-pound 
moment  about  the  lateral  (y)  axis  is  about  half  that  of  the 
values  in  test  88063.  The  force  transfer  into  the  PDU  ^-inch 
ENSOLITE™*  foam  from  the  helmet  impact  did  not  register  on  the 
neck  load  cell  or  the  head  accelerometers. 

The  movement  of  the  helmeted  head  of  the  left  dummy  was 
recorded  by  a  Celesco  potentiometer  as  shown  in  figure  A-5.  the 
recorded  26 -inch  value  obviously  was  incorrect  based  on  a  cursory 
film  review;  the  film  analysis  revealed  a  movement  of  13  inches, 
half  that  shown  by  the  potentiometer.  Note  in  Figure  A-5  the 
film  showed  about  IM- inches  of  movement  before  the  potentiometer 
began  to  rotate  (record) ,  and  the  potentiometer  continued  to 
record  movement  from  15  to  26  inches  between  150  and  200  ms. 

Thus,  it  is  clear  the  potentiometers  on  both  dummies  cannot  be 
used  for  precise  movement  data.  Discussions  with  the  CAMI  test 
track  chief,  Mr.  Gowdy,  indicate  the  acceleration  of  the  cables 
from  the  instruments  exceeded  the  rate  limitations  of  the  device. 
Nonetheless,  the  first  four  recordings  from  the  right  dummy's 
helmet  are  copied  and  compared  in  Figure  A-2,  and  all  show  a 
similar  "overrun"  error  from  21  to  29  inches.  The  actual 
helmeted  head  movement  in  all  five  tests  shows  movement  of  12  to 
14  inches.  Thus,  the  film  analysis  motion  is  used  exclusively  in 
discussing  helmet  movement  in  these  tests. 

Posttest  photos  of  test  88060  in  Figures  4  through  9  show: 

(a)  rotation  of  helmet  rearward  on  right  dummy,  but  not  the  left 
dummy,  even  though  both  have  equal  size  50th  percentile  heads; 
the  difference  may  be  due  to  the  lack  of  neck  flesh  on  the  Hybrid 
II  (50th  percentile)  dummy;  and  (b)  the  left  seat  crashworthy 
seat  pan  sustained  enough  downward  force  from  the  dummy's 
buttocks  to  move  the  pan  down  0.6  inch,  and  to  move  the  right 
seat  down  by  0.3  inch.  This  was  a  surprise  since  the  impact 
vector  was  15  G  forward,  and  the  seat  pans  stroke  at  12  G 
vertical.  The  right  seat  pan  was  secured  with  steel  straps  to 
prevent  movement  in  subsequent  tests. 


Test  88061 

The  setup  is  shown  in  Figure  10,  the  straps  to  secure  the 
right  seat  are  shown  along  with  the  reinforcement  of  the  left 
forward  door  bulkhead.  The  posttest  photo  is  at  Figure  11. 
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Review  of  the  helmet's  movement  in  Figure  28  shows  almost 
identical  movement  to  the  prior  test  (approximately  13.8  inches 
in  this  test,  and  13.7  inches  in  88060).  Onewould  have  expected 
more  movement  with  greater  energy  and  peak  G  in  the  sled  pulse. 

It  may  be  the  inertia  reel  locked  sooner  in  the  pulse  sequence 
and  prevented  as  much  shoulder  strap  extension.  For  some  unknown 
reason,  the  dummy's  helmet ed  head  moved  downward  nearly  6  inches 
in  lieu  of  2.1  inches  in  the  identical  test  88060;  this  down 
movement  caused  the  helmet  to  almost  miss  the  PDU  with  only 
grazing  contact.  No  marks  could  be  seen  on  the  helmet  visor 
cover  and  no  contact  is  shown  by  film  analysis  in  Figure  28. 

Reference  to  Table  3  shows  the  neck  moment  to  be  twice  as 
much  as  in  the  test  88060;  thus  neck  moment  correlates  with  the 
head  movement.  Probably  the  greater  energy  of  the  vertical  force 
component  caused  the  head-helmet  mass  to  bend  the  neck  much 
further  downward  and  forward  than  in  the  prior  test . 

The  left  seat  pan  stroked  down  to  3  inches  at  the  pan's 
rear,  but  no  action  was  taken  to  prevent  stroke  to  the  left  seat. 


Test  88062 

In  this  pure  longitudinal  x-axis  test,  the  likelihood  for 
PDU  impact  is  greatest.  The  right  dummy  was  placed  1.5  inches 
forward  in  the  seat  by  use  of  a  wooden  spacer  between  the  dummy 
and  the  seat  cushion  as  shown  in  pretest  Figures  12  and  13 . 

Damage  to  the  aircraft  structure  is  documented  in  Figures  14 
through  18. 

In  spite  of  greater  energy  in  this  test  over  88061,  the 
right  dummy's  neck  force  and  moment  were  little  greater  than  the 
first  test  (88060),  as  shown  in  Table  3;  the  apparent  anomaly  is 
explained  partially  by  the  lack  of  a  vertical  impact  vector  in 
this  test.  However,  reference  to  Figure  29  shows  contact  between 
the  helmet  and  PDU  at  about  135  ms.  Simultaneously,  the  movement 
in  the  neck  about  its  lateral  (y)  axis  also  changes  slope  and 
becomes  a  constant  level  at  just  over  600  inch-pounds  for  the 
next  40  ms  as  seen  in  Figure  A-2.  In  this  time  span  between  135 
and  175  ms,  interpretation  of  Figure  29  shows  the  helmet's  energy 
being  reduced  by:  (1)  foam  compression,  (2)  inertial  force 

against  the  PDU,  (3)  structural  deformation  of  the  PDU  mount,  and 
(4)  sliding  friction  caused  by  3  to  4  inches  relative  movement. 
Thus,  it  is  highly  probable  the  neck  moment  would  have  been  much 
greater,  perhaps  twice  as  great  if  the  helmet -PDU  impact  did  not 
occur . 

This  test  is  a  moderate  level  impact  even  though  the  film 
shows  the  PDU  moving  about  2  inches  up  and  2  inches  forward  on 
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the  elastic  PDU  mount.  the  "moderate"  impact  description 
pertains  to  the  insignificant  change  in  the  acceleration  of  the 
head  as  shown  in  Figure  A-1;  note  the  head  deceleration  peaked  at 
105  ms  and  reduced  to  approximately  10  G,  and  did  not  sustain  a 
greater  value  for  the  remainder  of  the  pulse.  Thus,  the  absence 
of  significant  head  deceleration  and  neck  moment  provides  a 
nonin jurious  "safe  passage"  for  the  dummy  pilot  through  this 
crash  scenario. 

The  helmet  was  replaced  after  this  test  due  to  permanent 
foam  compressive  "set"  of  about  0.05  inch  over  an  area  of  about  1 
square  inch  in  the  lower  front  edge  of  the  foam  liner.  The  foam 
replacement  is  required  to  obtain  the  full  energy- absorbing 
benefit  of  the  foam  liner  if  impacted  again  at  the  same  location. 
The  impact  location  onto  the  PDU  is  shown  in  Figure  15. 

The  fuselage  station  (FS)  73.04  bulkhead  was  damaged  by  skin 
crippling/buckling  at  the  lower  outboard  edges  and  at  the  control 
"closet"  box  structure  as  shown  in  Figures  16-18.  The  bulkhead 
was  reinforced  prior  to  the  final  tests. 


Test  88063 

To  fully  explore  the  potential  crash  vector  envelope,  the 
forward  vector  was  changed  to  include  a  15 -degree  right  yaw  and 
the  impact  energy  (velocity)  was  increased  to  35.5  fps.  In 
addition  to  the  impact  vector  change,  the  actual  PDU  "breakaway" 
mount  with  track  was  used  with  the  PDU  in  the  normal  "IN-USE" 
position.  The  IN-USE  position  is  3.5  inches  rearward  and  about 
1.5  inches  upward  from  the  breakaway  (crash  position.  The  actual 
PDU  mount  may  be  seen  in  pre-  and  post test  Figures  19  and  20 
which  also  show  the  cockpit  reinforcement  and  the  50th  percentile 
dummy  with  hands  on  the  cyclic  control.  Note  in  Figure  20  that 
the  PDU  moved  forward  and  down  during  impact  to  the  breakaway 
location. 

The  right  dummy  pilot  was  moved  1.5  inches  forward  by 
placement  of  a  wooden  block  in  the  seat  back  as  in  test  88062.  ^ 

Also,  the  95th  percentile  dummy  was  removed  from  the  left  seat  in 
order  to  lessen  the  restraint  harness  loads  acting  on  the  FS 
73.04  bulkhead  for  the  final  tests. 

The  test  was  successful  in  that  the  PDU  moved  forward  and 
downward  along  the  twin  track,  as  designed,  prior  to  the  helmeted 
head  entering  the  space;  thus,  no  PDU-helmet  impact  occurred. 

The  helmeted-head  movement  from  film  analysis  is  at  Figure  30;  a 
slight  correction  due  to  the  15 -degree  yaw  was  needed.  The 
camera  was  located  at  right  angles  to  the  sled  path,  but  skewed 
15  degrees  to  the  cockpit's  motion  so  the  distance  moved  by  the 


14 


helmet  was  3  percent  greater  than  recorded  from  the  film  (the 
maximum  correction  was:  12.5  inches  4-  COS  15  degrees  =  12.9 
inches) . 

The  transducer  data  are  shown  in  Figures  A-1  through  A-4. 
The  head  deceleration  peaked  at  48  G,  the  highest  of  all  five 
runs,  but  well  within  human  tolerance.  The  moment  load  on  the 
upper  neck  peaked  at  1150  inch-pound  (see  Table  3)  and  Figure  A- 
2),  but  less  than  the  1195  foot-pounds  seen  in  test  88061. 

Again,  this  value  is  within  human  tolerance  as  noted  in  Alem  and 
Haley  (1988) . 


Test  88064 

This  test  was  a  repeat  of  test  88063  except  the  dummy  was 
moved  forward  1 . 5  inch  by  placing  a  wooden  block  behind  it  and  to 
the  right  by  1 . 5  inch  by  simply  sliding  the  dummy  to  the  right, 
flush  against  the  lap  belt  inner  surface  (Figure  21) .  In 
addition,  an  0.05  x  1.5-inch  aluminum  strap  was  added  to  the 
right  door  opening  as  shown  in  the  same  figure.  This  strap  was 
intended  to  reduce  elastic  deflection  of  the  upper  door  post. 

Helmet  to  PDU  impact  occurred;  Figure  31  shows  the  impact 
from  film  analysis.  The  impact  appeared  to  be  severe  based  on 
film  review  since  the  PDU  mount  failed  at  its  leading  edge  rivet 
attachment  to  the  windshield  overhead  frame,  as  depicted  in 
Figures  23,  24,  and  26.  The  impact  cracked  the  helmet  visor 
cover  at  its  center  low  edge,  as  shown  in  Figure  25.  The  PDU 
foam  also  was  cracked  and  the  visor  cover  released  the  visor  knob 
and  visor. 

In  spite  of  the  damage  to  the  mount  and  a  fracture  of  the 
helmet  visor  cover,  the  neck  force  and  moment  values  are  less 
than  those  recorded  in  test  88061.  Again,  the  neck  transducers 
show  a  change  in  slope  of  the  force  and  moment  curves  at 
approximately  105  ms,  the  time  of  the  initial  helmet  impact,  and 
the  peak  values  were  less  than  the  prior  test  where  the  helmet 
did  not  impact  the  PDU.  It  is  evident  that  helmet  impact  against 
the  PDU  tends  to  lower  the  force  and  moment  in  the  neck  caused  by 
inertial  force.  Since  the  helmet  prevents  excessive  head 
deceleration  (from  PDU  impact) ,  the  PDU  is  not  considered  a 
hazard  for  helmeted  pilots . 


Conclusions 

The  PDU  device  breaks  free  and  slides  forward  out  of  the 
path  of  a  flailing  head  for  most  crashes.  For  those  crashes  in 
which  helmeted-head  impact  occurs,  peak  deceleration  of  the  head 
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is  not  excessive,  and  neck  forces  and  moments  are  within 
tolerable  limits. 


Under  the  simulated  crash  conditions, 
does  not  cause  injuries  to  helmeted  pilots 
assumes  the  use  of  a  properly-fitted  SPH-4 


the  PDU  unit  tested 
This  statement 
helmet . 
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Figure  1.  Left  side  view  of  PDU  installation,  breakaway  position  shown. 
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Figure  3.  Profile  sketch  of  PDU  location  in  OH-58  cockpit 
showing  the  normal  and  crash  breakaway  position 
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Figure  4.  Pretest  view  of  no.  88060;  note  the  absence  of 

crashworthy  seat  cushion  and  the  dummy  PDU  and  mount 


Figure  5.  Posttest  view  of  no.  88060;  note  the  rearward 

rotation  of  helmet  after  rebound. 
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Figure  8.  Seat  pan  downward  displacement  of  0.3  inch  shown 
between  latch  and  bulkhead  support,  right  side. 


Figure  9.  Seat  pan  downward  displacement  of  0.6  inch  shown 

between  latch  and  bulkhead  support,  left  side. 
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Figure  10.  Pretest  view  of  CAMI  88061;  note  aluminum  strap  on 
inside  of  left  door  frame  and  steel  strap  on  right 
seat. 


Figure  11.  Postte'st  view  of  CAMI  88061;  note  that  helmet  has 
not  rotated  due  to  tape  under  chin. 
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was  found  on  helmet  of  right  dummy. 
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Figure  16. 


Posttest  of  no.  88062;  note  buckled  "box"  section  of 

fuselage  station  73.04  bulkhead. 


Figure  17. 


Posttest  view  of  no.  88062;  note  buckled  skin 
adjacent  to  "box"  section  of  fuselage  station  73.04 
bulkhead . 
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Figure  18.  Posttest  view  of  fuselage  station  73.04  bulkhead; 

note  buckles  in  control  closet  structure  by  arrows. 
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Figure  19.  Pretest  view  of  no.  88063;  note  15-degree  right  yaw 

orientation,  and  prior  damage  to  nose  structure. 


Figure  20.  Posttest  view  of  no.  88063;  note  the  actual 

production  PDU  mount  in  place  and  bulkhead  73.04 
reinforcement . 
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Figure  21 


Pretest  view  of  no.  88064;  note  diagonal  aluminum 
strap  added  to  prevent  forward  movement  of  upper 
door  post. 


Figure  22.  Pretest  view  of  no.  88064;  note  board  behind  back 
cushion  to  move  dummy  forward  1.5  inch. 
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Figure  23.  Posttest  view  of  no.  88064;  note  limp,  stretched 

aluminum  diagonal  strap,  and  PDU  mount  detachment. 


Figure  24.  Posttest  view  of  no.  88064;  note  detached  PDU 

"breakaway"  mount  and  cracked  foam  at  back  edge  of 
PDU. 
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Figure  25.  Posttest  view  of  no.  88064;  arrow  denotes  cracked 
helmet  visor  cover.. 


Figure  26.  Posttest  view  of  no.  88064;  arrow  denotes  failed 

rivets  which  help  to  secure  the  PDU  breakaway  mount. 
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Appendix  A. 


Pilot  display  unit  transducer  results  for 
tests  88060,  88061,  88062,  88063,  and  88064. 
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Figure  A-1.  Sled  and  right  seat  dummy  head  deceleration  traces  from  five  PDU  tests. 
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Figure  A-2 .  Right  dummy  helmet  displacement  and  neck  moment  about  the  y-axis  for 
five  PDU  tests. 
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Figure  A-3.  Right  dummy  neck  force  and  chest  deceleration  for  all  five  PDU  tests. 
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Figure  A-4.  Lumbar  force  and  moment  traces  for  all  PDU  tests. 
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Figure  A-5.  Comparison  of  left  dummy  helmet  displacement  in  test  88060:  rotary 
potentiometer  vs.  film  analysis. 


Appendix  B. 
Manufacturers'  list 


B.  F.  Goodrich  Chemical  Company 
Cleveland,  OH  44115 

NAC  Visual  Systems 
6307-K  DeSoto  Avenue 
Woodland  Hills,  CA  91367 
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800  Independence  Avenue,  S.W. 
Washington,  DC  20594 

Commander 

10th  Medical  Laboratory 
ATTN:  Audiologist 
APO  New  York  09180 

Naval  Air  Development  Center 
Technical  Information  Division 
Technical  Support  Detachment 
Warminster,  PA  18974 

Commanding  Officer,  Naval  Medical 
Research  and  Development  Command 
National  Naval  Medical  Center 
Bethesda,  MD  20814-5044 

Deputy  Director,  Defense  Research 
and  Engineering 
ATTN:  Military  Assistant 
for  Medical  and  Life  Sciences 
Washington,  DC  20301-3080 

Commander,  U.S.  Army  Research 
Institute  of  Environmental  Medicine 
Natick,  MA  01760 

Library 

Naval  Submarine  Medical  Research  Lab 
Box  900,  Naval  Sub  Base 
Groton,  CT  06349-5900 


Executive  Director,  U.S.  Army  Human 
Research  and  Engineering  Directorate 
ATTN:  Technical  Library 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

Man-Machine  Integration  System 
Code  602 

Naval  Air  Development  Center 
Warminster,  PA  18974 

Commander 

Naval  Air  Development  Center 
ATTN:  Code  602-B 
Warminster,  PA  18974 

Commanding  Officer 

Armstrong  Laboratory 

Wright-Patterson 

Air  Force  Base,  OH  45433-6573 

Director 

Army  Audiology  and  Speech  Center 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5001 

Commander/Director 
U.S.  Army  Combat  Surveillance 
and  Target  Acquisition  Lab 
ATTN:  SFAE-IEW-JS 
Fort  Monmouth,  NJ  07703-5305 

Director 

Federal  Aviation  Administration 
FAA  Technical  Center 
Atlantic  City,  NJ  08405 

Director 

Walter  Reed  Army  Institute  of  Research 
Washington,  DC  20307-5100 
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lAF  Liaison  Officer  for  Safety 
USAF  Safety  Agency/SEFF 
9750  Avenue  G,  SE 
Kirtland  Air  Force  Base 
NM  87117-5671 

Naval  Aerospace  Medical 
Institute  Library 
Building  1953,  Code  03L 
Pensacola,  FL  32508-5600 

Command  Surgeon 
HQ  USCENTCOM  (CCSG) 

U.S.  Central  Command 
MacDill  Air  Force  Base,  FL  33608 

Director 

Directorate  of  Combat  Developments 

ATTN:  ATZQ-CD 

Building  515 

Fort  Rucker,  AL  36362 

U.S.  Air  Force  Institute 
of  Technology  (AFIT/LDEE) 
Building  640,  Area  B 
Wright-Patterson 
Air  Force  Base,  OH  45433 

Hemy  L.  Taylor 
Director,  Institute  of  Aviation 
University  of  Illinois-Willard  Airport 
Savoy,  IL  61874 

Chief,  National  Guard  Bureau 
ATTN:  NGB-ARS 
Arlington  Hall  Station 
111  South  George  Mason  Drive 
Arlington,  VA  22204-1382 

AAMRL/HEX 

Wright-Patterson 

Air  Force  Base,  OH  45433 


Commander 

U.S.  Army  Aviation  and  Troop  Command 
ATTN:  AMSAT-R-ES 
4300  Goodfellow  Bouvelard 
St.  Louis,  MO  63120-1798 

U.S.  Army  Aviation  and  Troop  Command 
Library  and  Information  Center  Branch 
ATTN:  AMSAV-DIL 
4300  Goodfellow  Boulevard 
St.  Louis,  MO  63120 

Federal  Aviation  Administration 
Civil  Aeromedical  Institute 
Library  AAM-400A 
P.O.  Box  25082 
Oklahoma  City,  OK  73125 

Commander 

U.S.  Army  Medical  Department 
and  School 
ATTN:  Library 
Fort  Sam  Houston,  TX  78234 

Commander 

U.S.  Army  Institute  of  Surgical  Research 

ATTN:  SGRD-USM 

Fort  Sam  Houston,  TX  78234-6200 


Air  University  Library 
(AUL/LSE) 

Maxwell  Air  Force  Base,  AL  36112 

Product  Manager 

Aviation  Life  Support  Equipment 

ATTN:  SFAE-AV-LSE 

4300  Goodfellow  Boulevard 

St.  Louis,  MO  63120-1798 
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Commander  and  Director 

USAE  Waterways  Experiment  Station 

ATTN:  CEWES-IM-MI-R, 

CD  Department 
3909  Halls  Ferry  Road 
Vicksburg,  MS  39180-6199 

Commanding  Officer 
Naval  Biodynamics  Laboratory 
P.O.  Box  24907 
New  Orleans,  LA  70189-0407 

Assistimt  Commandant 
U.S.  Army  Field  Artillery  School 
ATTN:  Morris  Swott  Technical  Library 
Fort  Sill,  OK  73503-0312 

Mr.  Peter  Seib 

Human  Engineering  Crew  Station 
Box  266 

Westland  Helicopters  Limited 
Yeovil,  Somerset  BA20  2YB  UK 

U.S.  Army  Dugway  Proving  Ground 
Technical  Library,  Building  5330 
Dugway,  UT  84022 

U.S.  Army  Yuma  Proving  Ground 
Technical  Library 
Yuma,  AZ  85364 

AFFTC  Technical  Library 
6510  TW/TSTL 
Edwards  Air  Force  Base, 

CA  93523-5000 

Commander 
Code  3431 

Naval  Weapons  Center 
China  Lake,  CA  93555 


Aeromechanics  Laboratory 
U.S.  Army  Research  and  Technical  Labs 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035 

Sixth  U.S.  Army 
ATTN:  SMA 

Presidio  of  San  Francisco,  CA  94129 
Commander 

U.S.  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 

Strughold  Aeromedical  Library 

Document  Service  Section 

2511  Kennedy  Circle 

Brooks  Air  Force  Base,  TX  78235-5122 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM,  use 

Los  Angeles,  CA  90089-0021 

U.S.  Army  White  Sands 
Missile  Range 
ATTN:  STEWS-IM-ST 
White  Sands  Missile  Range,  NM  88002 

Director,  Airworthiness  Qualification  Test 
Directorate  (ATTC) 

ATTN:  STEAT-AQ-O-TR  (Tech  Lib) 

75  North  Flightline  Road 

Edwards  Air  Force  Base,  CA  93523-6100 

Ms.  Sandra  G.  Hart 
Ames  Research  Center 
MS  262-3 

Moffett  Field,  CA  94035 

Commander 

USAMRMC 

ATTN:  SGRD-UMZ 

Fort  Detrick,  Frederick,  MD  21702-5009 
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Commander 

U.S.  Army  Health  Services  Command 

ATTN:  HSOP-SO 

Fort  Sam  Houston,  TX  78234-6000 

U.  S.  Army  Research  Institute 
Aviation  R&D  Activity 
ATTN:  PERI-IR 
Fort  Rucker,  AL  36362 

Commander 

U.S.  Army  Safety  Center 
Fort  Rucker,  AL  36362 

U.S.  Army  Aircraft  Development 
Test  Activity 
ATTN:  STEBG-MP-P 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

Commander 

USAMRMC 

ATTN:  SGRD-PLC  (COL  R.  Gifford) 
Fort  Detrick,  Frederick,  MD  21702 

TRADOC  Aviation  LO 
Unit  21551,  Box  A-209-A 
APO  AE  09777 

Netherlands  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

British  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Italian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 


Directorate  of  Training  Development 

Building  502 

Fort  Rucker,  AL  36362 

Chief 

USAHEL/USAAVNC  Field  Office 
P.  O.  Box  716 

Fort  Rucker,  AL  36362-5349 

Commander,  U.S.  Army  Aviation  Center 
and  Fort  Rucker 
ATTN:  ATZO-CG 
Fort  Rucker,  AL  36362 

Chief 

Test  &  Evaluation  Coordinating  Board 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

Canadian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

German  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

French  Army  Liaison  Office 
USAAVNC  (Building  602) 

Fort  Rucker,  AL  36362-5021 

Australian  Army  Liaison  Office 

Building  602 

Fort  Rucker,  AL  36362 

Dr.  Garrison  Rapmund 
6  Burning  Tree  Court 
Bethesda,  MD  20817 

Commandant,  Royal  Air  Force 
Institute  of  Aviation  Medicine 
Famborough,  Hampshire  GUM  6SZ  UK 
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Defense  Technical  Information 
Cameron  Station,  Building  5 
Alexandra,  VA  22304-6145 

Commander,  U.S.  Army  Foreign  Science 
and  Technology  Center 
AIFRTA  (Davis) 

220  7th  Street,  NE 
Charlottesville,  VA  22901-5396 

Commander 

Applied  Technology  Laboratory 
USARTL-ATCOM 
ATTN:  Library,  Building  401 
Fort  Eustis,  VA  23604 

Commander,  U.S.  Air  Force 
Development  Test  Center 
101  West  D  Avenue,  Suite  117 
Eglin  Air  Force  Base,  FL  32542-5495 

Aviation  Medicine  Clinic 
TMC  #22,  SAAF 
Fort  Bragg,  NC  28305 

Dr.  H.  Dix  Christensen 
Bio-Medical  Science  Building,  Room  753 
Post  Office  Box  26901 
Oklahoma  City,  OK  73190 

Commander,  U.S.  Army  Missile 
Command 

Redstone  Scientific  Information  Center 
ATTN:  AMSMI-RD-CS-R 
/ILL  Documents 
Redstone  Arsenal,  AL  35898 

Aerospace  Medicine  Team 
HQ  ACC/SGST3 
162  Dodd  Boulevard,  Suite  100 
Langley  Air  Force  Base, 

VA  23665-1995 


U.S.  Army  Research  and  Technology 
Laboratories  (AVSCOM) 

Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 

Commander 

USAMRMC 

ATTN:  SGRD-ZC  (COL  John  F.  Glenn) 
Fort  Detrick,  Frederick,  MD  21702-5012 

Dr.  Eugene  S.  Channing 
166  Baughman’s  Lane 
Frederick,  MD  21702-4083 

U.S.  Army  Medical  Department 
and  School 

USAMRDALC  Liaison 

ATTN:  HSMC-FR 

Fort  Sam  Houston,  TX  78234 

NVESD 

AMSEL-RD-NV-ASID-PST 
(Attn:  Trang  Bui) 

10221  Burbeck  Road 
Fort  Belvior,  VA  22060-5806 

CA  Av  Med 
HQ  DAAC 
Middle  Wallop 

Stockbridge,  Hants  S020  8DY  UK 

Dr.  Christine  Schlichting 
Behavioral  Sciences  Department 
Box  900,  NAVUBASE  NLON 
Groton,  CT  06349-5900 

Commander 

Aviation  Applied  Technology  Directorate 
ATTN:  AMSAT-R-TV 
Fort  Eustis,  VA  23604-5577 
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COL  Yehezkel  G.  Caine,  MD 
Surgeon  General,  Israel  Air  Force 
Aeromedical  Center  Library 
P.  O.  Box  02166  LD.F. 

Israel 

HQ  ACC/DOHP 

205  Dodd  Boulevard,  Suite  101 

Langley  Air  Force  Base, 

VA  23665-2789 

41st  Rescue  Squadron 
41st  RQS/SG 
940  Range  Road 
Patrick  Air  Force  Base, 

FL  32925-5001 

48th  Rescue  Squadron 
48th  RQS/SG 
801  Dezonia  Road 
Holloman  Air  Force  Base, 

NM  88330-7715 

HQ,  AFOMA 

ATTN:  SGPA  (Aerospace  Medicine) 
Bolling  Air  Force  Base, 

Washington,  DC  20332-6128 

ARNG  Readiness  Center 
ATTN:  NGB-AVN-OP 
Arlington  Hall  Station 
111  South  George  Mason  Drive 
Arlington,  VA  22204-1382 

35th  Fighter  Wing 
35th  FW/SG 
PSC  1013 

APO  AE  09725-2055 

66th  Rescue  Squadron 

66th  RQS/SG 

4345  Tyndall  Avenue 

Nellis  Air  Force  Base,  NV  89191-6076 


71st  Rescue  Squadron 
71st  RQS/SG 
1139  Redstone  Road 
Patrick  Air  Force  Base, 

FL  32925-5000 

Director 

Aviation  Research,  Development 
and  Engineering  Center 
ATTN:  AMSAT-R-Z 
4300  Goodfellow  Boulevard 
St  Louis,  MO  63120-1798 

Commander 

USAMRMC 

ATTN:  SGRD-ZB  (COL  C.  Fred  Tyner) 
Fort  Detrick,  Frederick,  MD  21702-5012 

Commandant 

U.S.  Army  Command  and  General  Staff 
College 

ATTN:  ATZL-SWS-L 

Fort  Levenworth,  KS  66027-6900 

ARNG  Readiness  Center 
ATTN:  NGB-AVN-OP 
Arlington  Hall  Station 
111  South  George  Mason  Drive 
Arlington,  VA  22204-1382 

Director 

Army  Personnel  Research  Establishment 
Farnborough,  Hants  GUM  6SZ  UK 

Dr.  A.  Kornfield 
895  Head  Street 
San  Francisco,  CA  94132-2813 

ARNG  Readiness  Center 
AATN:  NGB-AVN-OP 
Arlington  Hall  Station 
111  South  George  Mason  Drive 
Arlington,  VA  22204-1382 
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Commander,  U.S.  Army  Test 
and  Evaluation  Command 
Directorate  for  Test  and  Evaluation 
ATTN:  AMSTE-TA-M  (Human  Factors 
Group) 

Aberdeen  Proving  Ground, 

MD  21005-5055 

Naval  Air  Systems  Command 
Technical  Air  Library  950D 
Room  278,  Jefferson  Plaza  II 
Department  of  the  Navy 
Washington,  DC  20361 

Director 

U.S.  Army  Ballistic 
Research  Laboratory 
ATTN:  DRXBR-OD-ST  Tech  Reports 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

U.S.  Army  Medical  Research 
Institute  of  Chemical  Defense 
ATTN:  SGRD-UV-AO 
Aberdeen  Proving  Ground, 

MD  21010-5425 

Commander 

USAMRMC 

ATTN:  SGRD-RMS 

Fort  Detrick,  Frederick,  MD  21702-5012 

HQ  DA  (DASG-PSP-O) 

5109  Leesburg  Pike 

Falls  Church,  VA  22041-3258 

Harry  Diamond  Laboratories 
ATTO:  Technical  Information  Branch 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 


U.S.  Army  Materiel  Systems 
Analysis  Agency 

ATTN:  AMXSY-PA  (Reports  Processing) 
Aberdeen  Proving  Ground 
MD  21005-5071 

U.S.  Army  Ordnance  Center 
and  School  Library 
Simpson  Hall,  Building  3071 
Aberdeen  Proving  Ground,  MD  21005 

U.S.  Army  Enviroiunental 
Hygiene  Agency 
ATTN:  HSHB-MO-A 
Aberdeen  Proving  Ground,  MD  21010 

Technical  Library  Chemical  Research 
and  Development  Center 
Aberdeen  Proving  Ground,  MD 
21010-5423 

Commander 

U.S.  Army  Medical  Research 
Institute  of  Infectious  Disease 
ATTN:  SGRD-UIZ-C 
Fort  Detrick,  Frederick,  MD  21702 

Director,  Biological 
Sciences  Division 
Office  of  Naval  Research 
600  North  Quincy  Street 
Arlington,  VA  22217 

Commandant 
U.S.  Army  Aviation 
Logistics  School  ATTN:  ATSQ-TDN 
Fort  Eustis,  VA  23604 

Headquarters  (ATMD) 

U.S.  Army  Training 
and  Doctrine  Command 
ATTN:  ATBO-M 
Fort  Monroe,  VA  23651 
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Cdr,  PERSCOM 
ATTN:  TAPC-PLA 
200  Stovall  Street,  Rm  3N25 
Alexandria,  VA  22332-0413 


HQ,  AFOMA 

ATTN;  SGPA  (Aerospace  Medicine) 
Bolling  Air  Force  Base, 

Washington,  DC  20332-6188 
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